PRINT QUALITY MEASURING METHOD AND PRINT 
QUALITY MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

This invention relates to print quality measuring 
methods and print quality measuring apparatus. 
2. Description of the Related Art 

In order to perform proper printing with a printing 
10 machine, it is necessary to control ink feeding rates properly. 
For controlling the ink feeding rates, it has been 
conventional practice to measure densities of control strips 
with a densitometer and determine from density data 
whether the ink feeding rates are proper or not. However, 
15 the density data from the control strips alone is not 

necessarily sufficient for attaining a proper color tone and 
the like for a picture area. 

For this reason, a print quality measuring apparatus 
is used which provides control data for controlling the ink 
20 feeding rates of a printing machine. The control data is 

produced by comparing an image on reference paper and an 
image on an actual print. 

The reference paper is also called proof paper, and 
serves as a reference indicating a color tone of finished 
25 prints to obtain proper prints. Printing paper actually 



printed is also called sampling paper which is extracted by 
the operator from a discharge station of a printing machine 
at certain intervals during a printing operation. The 
printing is considered proper when the color tone on the 
5 sampling paper substantially coincides with the color tone 
on the reference paper. 

Where a print quality measuring apparatus is used 
for comparing an image on the reference paper and image on 
the actual print to produce control data for controlling the 

10 ink feeding rates of a printing machine, it is difficult to 
attain an agreement in color tone and the like in all areas 
between the image on the reference paper and image on the 
actual print. For this reason, only certain areas of these 
images are compared. Such areas selected for comparison 

15 do not always assure a proper color tone and the like for 
areas characterizing the picture. 

SUMMARY OF THE INVENTION 

The object of this invention, therefore, is to provide a 
20 print quality measuring method and a print quality measur- 
ing apparatus for forming proper images in areas 
characterizing a picture, thereby obtaining proper prints 
from a printing machine. 

The above object is fulfilled, according to this inven- 
25 tion, by a print quality measuring method for comparing an 



image of reference paper and an image of an actual print to 
create control data for controlling ink feeding rates of a 
printing machine, the method comprising a reading step for 
reading the image of the reference paper and the image of 
5 the actual print; a representative color determining step for 
determining, from image data, a representative color 
characterizing the image of the print, and positions of the 
representative color; and a calculating step for carrying out 
a comparative calculation of color data in the positions of the 

10 representative color of the image of the reference paper and 
color data in the positions of the representative color of the 
image of the print, to create the control data for controlling 
the ink feeding rates of the printing machine. 

With this print quality measuring method, proper 

15 images may be formed in areas characterizing a picture, 
thereby obtaining proper prints from a printing machine. 

In a preferred embodiment of the invention, the 
representative color and the positions thereof are 
determined for respective sections corresponding to ink keys 

20 in each ink well of the printing machine. 

Preferably, the image data has three color compo- 
nents, the representative color determining step being exe- 
cuted to classify pixels in each of the sections corresponding 
to ink keys, and determine the representative color and a 

25 position thereof from pixels included in a predetermined 



class interval. 

The representative color determining step may be 
executed to create a histogram with tones of each of the 
three color components of each pixel in each of the sections, 
5 and select the representative color and the position thereof 
from pixels included in a class interval of maximum 
frequency in the histogram. 

In another embodiment, the print quality measuring 
method further comprises a gray control color determining 

10 step for determining, from the image data, a gray control 

color expressed in a substantially achromatic color and posi- 
tions of the gray control color; wherein the operating step is 
executed to create the control data for controlling the ink 
feeding rates of the printing machine, by using results of a 

15 comparative calculation of color data in the positions of the 
gray control color of the image of the reference paper and 
color data in the positions of the gray control color of the 
image of the print, as well as results of the comparative 
calculation of the color data in the positions of the 

20 representative color of the image of the reference paper and 
the color data in the positions of the representative color of 
the image of the print. 

Preferably, only the results of the comparative 
calculation of the color data in the positions of the gray con- 

25 trol color of the image of the reference paper and the color 
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data in the positions of the gray control color of the image of 
the print are used when the representative color is devoid of 
one of the three color components. 

In another aspect of the invention, a print quality 
5 measuring method is provided for comparing image data 
obtained by reading an image of an actual print with one of 
platemaking data used at platemaking time and image data 
created from the platemaking data, to create control data for 
controlling ink feeding rates of a printing machine, the 

10 method comprising a reading step for reading the image of 
the actual print; a representative color determining step for 
determining a representative color characterizing the image 
of the print, and positions of the representative color, based 
on one of the platemaking data used at platemaking time 

15 and the image data created from the platemaking data; and 
a calculating step for carrying out a comparative calculation 
of color data in the positions of the representative color of 
the image of the print and the representative color, to create 
the control data for controlling the ink feeding rates of the 

20 printing machine. 

In a further aspect of the invention, a print quality 
measuring apparatus is provided for comparing an image of 
reference paper and an image of an actual print to create 
control data for controlling ink feeding rates of a printing 

25 machine, the apparatus comprising a reading unit for read- 
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ing the image of the reference paper and the image of the 
actual print; a representative color determining unit for 
determining, from image data, a representative color 
characterizing the image of the print, and positions of the 
5 representative color; and a calculating unit for carrying out 
a comparative calculation of color data in the positions of the 
representative color of the image of the reference paper and 
color data in the positions of the representative color of the 
image of the print, to create the control data for controlling 
10 the ink feeding rates of the printing machine. 

Other features and advantages of the invention will 
be apparent from the following detailed description of the 
embodiments of the invention. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there 
are shown in the drawings several forms which are 
presently preferred, it being understood, however, that the 
invention is not limited to the precise arrangement and 
20 instrumentalities shown. 

Fig. 1 is a perspective view of a print quality measur- 
ing apparatus according to this invention; 

Fig. 2 is a side view of the print quality measuring 
apparatus; 

25 Fig. 3 is a block diagram showing a principal struc- 



ture of a control unit; 

Fig. 4 is a flow chart of a print quality measuring 
operation; 

Fig. 5 is a representative color determining 
5 operation; 

Fig. 6 is an explanatory view showing positions of a 
representative color, a gray control color and a black control 
color; 

Fig. 7 is an explanatory view schematically showing 
10 a reading step; 

Fig. 8 is a flow chart of a calculating sequence; and 
Fig. 9 is a view showing data stored in a first and a 
second image memories. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of this invention will be described 
hereinafter with reference to the drawings. Fig. 1 is a 
perspective view of a print quality measuring apparatus 
according to the invention. Fig. 2 is a side view of the 

20 apparatus. It is to be noted that light sources 13 and a con- 
trol panel 15 are omitted from Fig. 2. 

This print quality measuring apparatus includes a 
table 12 disposed above a frame 11, a pair of light sources 13 
arranged at right and left sides of the table 12, an image 

25 pickup unit 14 disposed above the table 12, a control panel 
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15 disposed above one of the light sources 13, an upper 
light-shielding plate 17 and a rear light-shielding plate 18 
supported by a pair of posts 16, an auxiliary light source 19 
attached to the rear light-shielding plate 18, and a control 
5 unit 20 mounted inside the frame 11 for controlling the 
entire apparatus. 

The table 12 is shaped planar for receiving a print 
thereon. The table 12 has a surface in the form of a suction 
plate for holding the print by static electricity or vacuum 
10 suction. The surface of the table 12 is inclined about 10 
degrees for facility of operation by the operator. The print 
held by suction on the inclined surface of the table 12 is 
illuminated by the pair of light sources 13 arranged at the 
opposite sides. 

15 The image pickup unit 14 disposed above the table 

12 has a digital camera for separating, with a dichroic 
mirror, light emitted from the light sources 13 and reflected 
from the surface of the print into the three primary color 
components of RGB, and receiving the individual 

20 components with separate CCD arrays. With this image 
pickup unit 14, RGB data can be obtained from the print. 

The control panel 15 is the touch panel type in the 
form of an LCD monitor having a pressure sensitive input 
function (also called a touch sensitive screen). This control 

25 panel 15 acts as both a display device and an input device, 
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and is connected to the control unit 20 described hereinafter. 

Fig. 3 is a block diagram showing a principal struc- 
ture of the control unit 20. 

This control unit 20 includes a ROM 21 for storing 
5 operating programs necessary for controlling the apparatus, 
a RAM 22 for temporarily storing data and the like during a 
control operation, a CPU 23 for performing logic operations, 
and a first and a second image memories 24 and 25. The 
control unit 20 is connected through an interface 26 to the 

10 control panel 15, light sources 13 and image pickup unit 14 
noted above. The control unit 20 is connected also to an 
image data source 27 storing image data to be printed, such 
as a hard disk or an image processing device. This control 
unit 20 acts as the representative color determining device, 

15 gray control color determining device and calculating device 
of this invention. 

Referring again to Figs. 1 and 2, the upper 
light-shielding plate 17 supported by the pair of posts 16 has 
a curved configuration extending in the fore and aft 

20 direction of the print quality measuring apparatus. The 

light- shielding plate 17 is installed in order to intercept light, 
such as light from indoor light sources, that would constitute 
a regular reflection from the table 12. On the other hand, 
the rear light- shielding plate 18 supported between the pair 

25 of posts 16 serves to intercept light coming from behind the 
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print quality measuring apparatus. 

The auxiliary light source 19 attached to the rear 
light- shielding plate 18 serves to compensate for a lack of 
light on the table 12 caused by the upper light -shielding 
5 plate 17 and rear light-shielding plate 18. The auxiliary 

light source 19 is in the form of a fluorescent light or the like, 
which is turned off when reading a print with the image 
pickup unit 14. 

In the print quality measuring apparatus having the 

10 above construction, a representative color determining and 
other steps described in detail hereinafter are first executed 
by using image data stored in the image data source 27 of an 
image to be printed. 

Next, reading steps are executed to read an image of 

15 reference paper and an image actually printed. Specifically, 
reference paper is first placed on the table 12 and held 
thereon by suction. The reference paper is illuminated by 
the light sources 13, and the image of the reference paper is 
read by the image pickup unit 14. Data of the image of the 

20 reference paper is stored in the first image memory 24 of the 
control unit 20. Next, a print extracted by the operator 
from a discharge station of a printing machine during a 
printing operation is placed on the table 12, and held 
thereon by suction. This print is illuminated by the light 

25 sources 13, and the image of the print is read by the image 
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pickup unit 14. Data of the image of the print is stored in 
the second image memory 25 of the control unit 20. 

Then, a calculating step to be described in detail 
hereinafter is executed to create control data for controlling 
5 ink feeding rates of the printing machine. This control data 
is transmitted on-line or off-line through the interface 26 to 
the printing machine not shown. 

Each step of the above print quality measuring 
operation will be described next. Fig. 4 is a flow chart of 

10 the print quality measuring operation. 

When a print is measured in order to create the con- 
trol data for controlling the ink feeding rates of the printing 
machine, a representative color characterizing the image to 
be printed and positions of this color are first determined 

15 based on the data of the image (step Si). This representa- 
tive color determining step is executed by a subroutine 
shown in Fig. 5. 

First, the image data of the image to be printed is 
fetched from the image data source 27 (step Sll). This 

20 image data is platemaking data of CMYK (cyan, magenta, 
yellow and black) for an image printed when making 
printing plates, or image data created from this platemaking 
data. This image data is supplied as PPF (Print Production 
Format) data, for example, according to the CIP3 

25 (international Cooperation for Integration of Prepress, Press 
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and Postpress) standards. In this specification, black is 
referred to as K or Bk as appropriate. 

Next, this PPF data (CMYK data) is converted to 
data with RGB tones (step SI 2). Considering that the 
5 CMYK data has 0 to 255 eight-bit values, the conversion is 
performed by the formulas (l) - (3) set out below. Negative 
RGB values are regarded as zero. 

R = 255-(C+K) ... (1) 

G = 255-(M+K) ... (2) 

10 B = 255 - (Y+K) ... (3) 

Next, edge components are extracted and removed 
from the RGB image (step Si 3). That is, when an edge 
amount which is a sum of differences (absolute values) 
between a given pixel and pixels adjacent thereto in the four 
15 directions exceeds a fixed value, this given pixel is regarded 
as an edge pixel. Such edge pixels are excluded from the 
subsequent process. 

The RGB image is divided into sections 
corresponding to ink keys in each ink well of the printing 
20 machine (step Si 4). The subsequent steps (step SI 5 et 
seq.) are executed for each divided section. 

First, pixels with heavy contributions of Bk (black) 
ink are extracted and removed (step S15). That is, of the 
data of CMYK before conversion to RGB, pixels with a mini- 
25 mum value of CMY smaller than the value of K are regarded 
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as pixels with heavy contributions of Bk, and are excluded 
from the subsequent process. 

Next, a three-dimensional histogram is created with 
the RGB values of the remaining pixels (step S16). Specifi- 
5 cally, a three-dimensional region is appropriately divided for 
every color component of RGB to form equally divided cubes 
with one side including a predetermined tonal range, and 
then a frequency distribution is determined for respective 
class intervals. A process of creating this 

10 three-dimensional histogram is described in detail in 

Japanese Unexamined Patent Publication No. 11*296672 
(1999) in the name of Assignee herein. 

In this embodiment, the histogram is created with 
the RGB values. Instead, a frequency distribution may be 

15 created with three components of a different color system, 
such as CMY values. 

Next, a color expressed by the intervals of the histo- 
gram is weighted by multiplying the frequency by an 
appropriate factor (step SI 7). When it is desired to give 

20 priority to flesh color in the picture as representative color, 
its color gamut is multiplied by a large factor. An interval 
having a maximum frequency after the multiplication by the 
factor is determined to be the color gamut serving as 
representative color, and only the pixels included in this 

25 interval are considered in the subsequent process. 
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In the above description, a histogram is created to 
determine a color gamut serving as representative color. 
Alternatively, the operator may designate a predetermined 
color gamut in place of the interval having the maximum 
5 frequency. In this case, the calculation of frequencies is 
unnecessary. 

Next, isolated points are removed from the pixels 
included in the interval of maximum frequency resulting 
from the multiplication (step SI 8). That is, outermost 

10 pixels of the areas formed by the pixels included in the 
interval of maximum frequency resulting from the 
multiplication are removed as isolated points. This 
operation is repeated until the total number of pixels in all 
areas becomes 1 or 0 (step SI 9). 

15 When the number of remaining pixels is 1, the 

CMYK values of this pixel is regarded as forming the 
representative color, and the position of the pixel is regarded 
as the position of the representative color. When the 
number of remaining pixels is 0, the CMYK values of one of 

20 the pixels that remained to the last, e.g. a pixel near the 
center of the sections corresponding to the ink keys, are 
regarded as forming the representative color, and the 
position of this pixel is regarded as the position of the 
representative color. In this way, a representative color 

25 and its position are determined (step S20). 
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The position of maximum area formed by the pixels 
(area of a series of pixels) included in the interval of maxi- 
mum frequency after the removal of isolated points is 
selected to be the position of representative color as noted 
5 above. This is done to avoid the influence of errors caused 
by the intrinsic noise of the image pickup unit 14, and the 
influence of alignment errors occurring when comparing 
color data of a position of a representative color of the image 
on the reference paper described hereinafter and color data 

10 of the position of the representative color of a printed image. 

In the above embodiment, one pixel remaining after 
the removal of isolated points is regarded as the pixel corre- 
sponding to the representative color, and the CMYK values 
of this pixel are regarded as forming the representative color. 

15 The representative color may be obtained from an average 
or weighted average of the CMYK values of that pixel and a 
number of adjacent pixels. This measure is effective for 
lessening the influence of noise included in pixels. 

Referring again to Fig. 4, a gray control color 

20 expressed in a substantially achromatic color and its 
position are determined next (step S2). 

This gray control color determining step is executed 
by a sequence similar to that of the representative color 
determining step shown in Fig. 5. However, in the gray 

25 control color determining step, step S17 in Fig. 5 is executed 
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to multiply the intervals of the histogram corresponding to 
gray by a factor of 1 or more, so that a gray portion is 
selected with priority in step S18. Of course, a 
predetermined color gamut may be designated directly as an 
5 interval presenting the gray control color. When the 

selected gray region fails to have a fixed area, that is when 
the number of repetitions made in step S19 does not reach a 
fixed number, the section corresponding to one of the ink 
keys are regarded as being smaller than a predetermined 

10 gray area, and no gray control color is determined. 

Next, a Bk control color expressed in black and its 
positions are determined (step S3). 

This Bk control color determining step is executed by 
a sequence similar to that of the representative color 

15 determining step shown in Fig. 5. However, in the gray 

control color determining step, step S15 in Fig. 5 is executed 
to extract and remove pixels with minor contributions of Bk 
(black) ink. That is, of the CMYK data, the pixels with a 
maximum value of CMY larger than the value of K are 

20 regarded as pixels with minor contributions of Bk, and are 
excluded from the subsequent process. When the selected 
Bk region fails to have a fixed area, that is when the number 
of repetitions made in step S19 does not reach a fixed 
number, the section corresponding to one of the ink keys are 

25 regarded as being smaller than a predetermined Bk area, 
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and no Bk control color is determined. 

Fig. 6 shows explanatory views showing positions of 
the representative color, gray control color and Bk control 
color. In Fig. 6 (a), D1-D7 denote positions of the 
5 representative color determined in the representative color 
determining step (step Si). In Fig. 6 (b), G1-G7 denote 
positions of the gray control color determined in the gray 
control color determining step (step S2). In Fig. 6 (c), B2 
and B6 denote positions of the Bk control color obtained in 

10 the Bk color determining step (step S3). 

The positions of the representative color, gray control 
color and Bk control color are displayed, along with the 
image to be printed, on the control panel 15 shown in Fig. 1. 
The operator may confirm the positions of the gray control 

15 color and Bk control color displayed on the control panel 15, 
and may, as necessary, change the positions of the 
representative color as shown in Fig. 6 (d). 

In the embodiment shown in Fig. 6, the image is 
divided into seven sections corresponding to the ink keys in 

20 each ink well of the printing machine. Further, in this 
embodiment, Bk control points are present only in the 
second section from the right and in the second section from 
the left. 

Referring again to Fig. 4, the image of the reference 
25 paper and the image of an actual print are read (steps S4 
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and S5). 

Specifically, as shown in Fig. 7, the image of 
reference paper SI is first read by the image pickup unit 14. 
The RGB values and positions of the representative color, 
5 the RGB values and positions of the gray control color and 
the RGB values and positions of the Bk control color are 
stored in the first image memory 24 shown in Fig. 3. At 
this time, as shown in Fig. 7, an image 100 acquired from 
the image data and an image 101 read by the image pickup 

10 unit 14 are different from each other in the number of the 
pixels, resolution, margin and so on. It is therefore 
necessary to correlate the two images in order to obtain 
correctly the RGB values and positions of the representative 
color, the RGB values and positions of the gray control color 

15 and the RGB values and positions of the Bk control color. 
In this case, the images may be displayed on the control 
panel 15 for the operator to work with the images manually 
or carry out a pattern matching. An example of pattern 
matching techniques is disclosed in Japanese Patent 

20 Application No. 2002-205117 in the name of Assignee 
herein. 

Next, as shown in Fig. 7, the image of actual print S2 
is read by the image pickup unit 14. As in the case of the 
reference paper noted above, positions corresponding to the 
25 positions of the representative color, gray control color and 
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Bk control color derived from the PPF data are determined. 
The RGB values and positions of the representative color, 
the RGB values and positions of the gray control color and 
the RGB values and positions of the Bk control color are 
5 stored in the second image memory 25 shown in Fig. 3. In 
this case also, as shown in Fig. 7, an image 100 acquired 
from the image data and an image 101 read by the image 
pickup unit 14 are different from each other in the number 
of the pixels, resolution, margin and so on. Thus, the 

10 images may be displayed on the control panel 15 for the 
operator to work with the images manually or carry out a 
pattern matching. 

Referring again to Fig. 4, after the image of the refer- 
ence paper and the image of the actual print are read, a 

15 comparative calculation is carried out on the data obtained 
by reading the image of the reference paper and the image of 
the actual print, to create control data for controlling the ink 
feeding rates of the printing machine (step S6). This 
calculating step is executed by a subroutine shown in Fig. 8. 

20 As a result of the steps of reading the image of the 

reference paper and the image of the actual print (steps S4 
and S5), the first image memory 24 stores the data of the 
reference paper as partially shown in Fig. 9 (a), and the 
second image memory 25 stores the data of the print as 

25 partially shown in Fig. 9 (b). As shown in Fig. 6 (c), no Bk 
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control color is selected for the first section. Thus, no data 
is present in the corresponding columns. 

The CMYK values shown in Figs. 9 (a) and 9 (b) are 
the PPF data fetched in the image data fetching step (step 
5 Sll) shown in Fig. 5, which data are common to the 

reference paper and the print. On the other hand, the RGB 
values are the data obtained by reading the image of the 
reference paper and the image of the actual print. When a 
difference exceeding a fixed difference exists between the 
10 two groups of RGB values, proper prints are not being 
produced. 

For this reason, a density difference is first 
calculated for each of the representative color, gray control 
color and Bk control color (step S61). Before this 

15 calculation, the RGB values shown in Fig. 9 are converted to 
CMYK values. This step is taken because the ink feeding 
rates are controlled more suitably by the CMYK values 
which are indexes linked to variations in ink quantity than 
by the RGB values representing color. 

20 Next, the density differences of CMYK calculated are 

multiplied by factors selected according to dot percentages 
(step S62). That is, a larger density difference occurs in an 
area of large dot percentage than in an area of small dot 
percentage. The multiplication is carried out in order to 

25 secure exact information on the calculated density 
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differences irrespective of dot percentage. At this time, the 
dot percentages are calculated by using the CMYK values 
shown in Fig. 9. However, the dot percentages may by 
calculated by using the RGB values shown in Fig. 9. 
5 The above multiplication provides control data for 

controlling the ink feeding rates. At this time, the control 
data for controlling the feeding rate of black ink may be 
obtained by multiplying the density difference of Bk control 
color by a factor selected according to the K value. On the 

10 other hand, the control data for controlling the feeding rate 
of each of CMY inks is created by using one or both of a 
value obtained by multiplying the density difference of the 
representative color by a factor selected according to the C, 
M or Y value, and a value obtained by multiplying the 

15 density difference of the gray control color by a factor 
selected according to the C, M or Y value (step S63). 

That is, when the representative color does not 
include one of CMY, only the value obtained by multiplying 
the density difference of the gray control color by a factor 

20 selected according to the C, M or Y value is used for the 

color not included or for all of CMY. In other cases, control 
data may be created by using only the value obtained by 
multiplying the density difference of the representative color 
by a factor selected according to the C, M or Y value, or by 

25 using a compromise in an appropriate ratio of the value 
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obtained by multiplying the density difference of the 
representative color by a factor selected according to the C, 
M or Y value, and the value obtained by multiplying the 
density difference of the gray control color by a factor 
5 selected according to the C, M or Y value. 

After obtaining the control data for controlling the 
feeding rates of CMY inks and the control data for 
controlling the feeding rate of K ink in the above steps, 
these data are transmitted to the control unit of the printing 

10 machine (step S64) to end the entire process. 

In the embodiment described above, a representative 
color and the like are determined for each of the sections 
corresponding to the ink keys in each ink well of the 
printing machine. Instead, a representative color and the 

15 like of an entire image may be determined first, and priority 
may be given to a color close to the above color to determine 
a representative color and the like for each section. 

In the above embodiment, a representative color and 
its positions are determined by using platemaking data or 

20 image data based on the platemaking data (PPF data). 
Instead, a representative color and its positions may be 
determined based on image data obtained by reading the 
reference paper. Further, instead of the image data 
obtained by reading the reference paper, platemaking data 

25 used for preparing the reference paper or image data based 
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on the platemaking data may be used. In this case, this 
invention may be implemented also where image data such 
as PPF data is unavailable as where, for example, a 
platemaking operation is not digitized. 

This invention may be embodied in other specific 
forms without departing from the spirit or essential attrib- 
utes thereof and, accordingly, reference should be made to 
the appended claims, rather than to the foregoing specifica- 
tion, as indicating the scope of the invention. 

This application claims priority benefit under 35 
U.S.C. Section 119 of Japanese Patent Application No. 
2002-210872 filed in the Japanese Patent Office on July 19, 
2002, the entire disclosure of which is incorporated herein 
by reference. 
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